Aims: Different vulnerability genes have been proposed in alcohol dependence, but replications are sparse, probably due to 1) phenotypical heterogeneity and 2) difficulties to rely on reliable definition of the correct phenotype. Indeed, specific subgroups of patients may be more directly concerned with some vulnerability genes, the actions of these genes being more directly related to their function. We postulated that three potential vulnerability genes, that were at least twice associated with alcohol dependence, influence the extreme of the severity of alcohol dependence, i.e. mortality, through traits with which they were previously associated, namely impulsivity and antisocial personality disorder and the 5-HT1B gene, suicide attempt and the short allele of 5-HTTLPR, and addictive disorder co-morbidity and the DRD2 gene. Methods: We analysed the survival status of a male alcohol-dependent sample (n = 126) recruited 9 years before, and could compare 61 surviving patients to 41 patients who died during this period (representing 81.0% of the initial sample). Results: The main clinical characteristic that was associated with an increased mortality rate was a larger cumulative tobacco use (pack-years). We also found that the C allele of the 5-HT1b was the only one in excess in the non-surviving patients. Contrary to our hypothesis, impulsivity and antisocial personality disorder were not explaining the role of this gene. Conclusions: Even if there is a significant involvement of the 5-HT1B C allele, no intermediate phenotype was detected in our sample. The relatively short delay of 9 years and the somewhat old age at baseline of our patients could have limited the influence of psychiatric comorbidity or the specificities of alcohol dependence, explaining why the only detected co-factor was tobacco consumption. Tobacco dependence is therefore the main factor to explain mortality within the first decade, and the effect of this co-morbid condition is not explained by three vulnerability genes previously associated to alcohol dependence.
INTRODUCTION
Alcohol dependence has a dramatic mortality rate [1] . A follow-up of 100 women with alcohol dependence showed a 1) four times increased of mortality rate after 11 years; 2) that the majority of these deaths were directly or indirectly related to alcohol; 3) and that some variables such as older age at index, young age at onset of alcoholism and antisocial personality were significant predictors of such outcome [2] .
Alcohol dependence is also frequently associated with other psychiatric disorders, such as antisocial personality, attention deficit-hyperactivity, mood or schizophrenia disorders [3, 4] . Such co-morbidity could further deteriorate the survival prognosis, as in a study based on 500 outpatients, the presence of one of these psychiatric disorders increased by two the mortality rate at seven years, when compared with the general population [5] . Epidemiological data also show a high correlation between alcohol and cigarette consumptions. The prevalence of smoking is close to three times higher in alcoholic patients compared to general population [6] . Ninety percent of alcoholic patients are smokers [7] , the prevalence of alcoholism reaching 10 times higher among smokers than nonsmokers [8] . These risks factors have been shown to interact to modify the global prognosis, as for example tobacco smoking enhances ethanol induced pancreatic injury [9] .
In a male alcohol dependent sample, Powell et al. (1998) identified as survival predictors at 10 to 14 years the age at intake hospitalization, alcoholism severity, and antisocial personality disorder [10] . Such increase of mortality rate associated with psychiatric diagnosis does not seem to be entirely caused by the toxic effect of ethanol as psychiatric diseases are highly predictive of unnatural death [11] . This co-morbidity seems to be so important, than in a 15 years follow-up realized in substance abusers, psychiatric status was predictive of mortality, but abstinence at 5 years was not [12] .
Genes might also be part of these complex risk factors. Berggren et al., (2010) have found a significant association of the Taq I A1 alelle of DRD2 gene with mortality over a 10-year period in a sample of 366 alcoholdependent individuals [13] . Biological, environmental and genetic factors may therefore interact to determine disease risk and outcome. The role of genes in mortality could be of different origins.
Firstly, genetic polymorphisms could be associated to higher level of vulnerability when exposed to a certain risk factor (gene × environment interaction) [14] . For a given level of consumption, some genotypes were indeed associated with outcome and mortality of alcoholic liver diseases [15, 16] or tumorigenesis [17] . Another study found that lipid abnormalities are influenced by alcohol intake, presence of tobacco dependence, body mass index but also Apolipoprotein E genotype [18] .
Secondly, genes might substantially influence the cumulative quantity of smoked tobacco [19] or of drunken alcohol [20] , for example because of decreased initial level of response to alcohol, i.e. an increased initial tolerance [21, 22] .
Thirdly, in accordance with twin studies, genetic vulnerability may be shared by addictive disorder and impulsive behaviours [23] . Such impulsive phenotype may impact the type of consumption and the psychiatric comorbidity (such as antisocial personality), both factors being associated with a more pejorative prognosis of substance abuse (gene-environment additive effect). According to this hypothesis of shared genetic vulnerability for the different addictive disorders, the A1 allele of DRD2 was significantly more frequent in alcoholic patients with other substance dependencies [24] , and was even proposed to explain a reward deficiency syndrome [25, 26] .
Because of the role of alcohol dependence on the mortality prognosis, and the potential role of some genotypes, we studied mortality risk, taking into account initial level of dependence severity, psychiatric co-morbidity, and some vulnerability genes we already found associated (in this population) with alcohol dependence or related phenotypes. We therefore analysed the genetic influence on mortality in a male alcoholic population already studied with a transversal approach, for polymorphisms of the 5HT1B gene [27] , 5-HTTLPR [28] and DRD2 gene [24] .
We made the hypothesis that part of the mortality at nine years is explained by severity of alcohol dependence or addictive co-morbidity and vulnerability genes. Our main hypothesis is that genes that were previously associated with alcohol-dependence (or related phenotypes) are influencing the risk of death because of more specifically associated features, whether it is by comorbid antisocial personality disorder (with the GG genotype of the 5-HT1b gene), addictive co-morbidity (with the A1 allele of the DRD2 gene) or associated suicidal attempts (with the short allele of the 5-HTT gene).
METHODS
We previously recruited 126 male alcohol dependent patients from two general hospitals specialized in the treatment of alcoholism, in Paris and suburbs between March 1993 and April 1995, as detailed elsewhere [28] . Inclusion criteria consisted of DSM-III-R criteria of alcohol-dependence, and no co-morbid dementia or schizophrenia. The lifetime psychiatric and addictive diagnoses were made by face-to-face interview by senior psychiatrists (PG, PB) with the Diagnostic Interview for Genetic Studies (D.I.G.S.) [29] . In 2004, i.e. 9 years after the last inclusion, using hospital files, we contacted the patients themselves (66%), and then, if not possible, a core family member (7%) or the physician in charge (9%) to establish the survival status. Furthermore, a letter was sent to each municipal corporation (100%) of the town where the patients were born. This town hall organisation is in charge of a file containing all dates of birth and death of the citizens born in this town. Despite these searches, 24 patients (19%) were not found and no valid information was given from the municipal corporation. We therefore based the analyses on 81% of the initial sample (N = 102).
With this sample of 102 patients, and for an expected frequency of the studied alleles ranging between 22% and 70% (the frequency we already observed in the alcohol dependent patients), a 20.5% of difference between survivors and non-survivors is required to show a significant difference, with an α-risk of 5% and a β-power of 90%.
The study protocol had been approved by the institutional review board at each institution, according to the code of Ethics of the World Medical Association (Declaration of Helsinki). Written informed consent was obtained from all participants.
The main characteristics of the followed-up sample (N = 102) and the rest of the initial sample are described in Table 1 . The part of the sample for which the vital status was detected at 9 years was mainly comparable to the rest of the lost sample, apart from a tendency for less cumulative exposition to tobacco smoking (t = 1.69, p = 0.09) and an older age at inclusion (t = 2.71, p = 0.008).
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Taq1 polymorphism of the DRD2 gene, 5-HTTLPR polymorphism, G861C 5-HT1b receptor gene polymorphism were compared in the two groups of patients with known vital status. These three genetic polymorphisms were previously analysed, according to their original report [30] [31] [32] . The Hardy Weinberg equilibrium was respected for these three markers on the sample tested herein (χ 2 = 0.31, df = 1, p = 0.58; χ 2 = 0.22, df = 1, p = 0.64 and χ 2 = 0.47, df = 1, p = 0.49 respectively). Surviving individuals were compared to deceased ones according to clinical features and genotype, using χ 2 tests for categorical measures, and Student t test for quantitative ones. To detect any interaction between vulnerability genes and their potentially related phenotype to explain mortality at 9 years, a logistic regression test was used. The depending variable was being alive or dead at 9 years, and the explaining variables were the three previously involved genotypes (A1 allele of the DRD2 gene, presence of the short allele of the 5-HTT gene and GG genotype of the 5-HT1b gene) and their three associated phenotypes (other substance dependencies, suicidal attempts, and antisocial personality disorder, respectively). Default p-values for stepwise entry (p = 0.10), and removal (p = 0.15) of predictors into the logistic model were retained [33] . Statistical analyses were performed using SPSS ® computer program (SPSS Inc., Chicago, Il, USA).
RESULTS
When the group of patients who died during the 9-years period was compared to those who survived such period, an increased cumulative quantity of smoked tobacco was the only variable significantly different ( Table 1) . A larger exposition to tobacco was indeed associated with an increased risk of death as those who died had a 25% increase of cumulative tobacco consumption at baseline ( Table 1) . This might be better explained by a longer exposition rather than the intensity of tobacco dependence, as the level of tobacco dependence was not significantly different between the two groups, with even a tendency for more severe dependence in the surviving group (p < 0.10). No socio-demographical and clinical characteristics of alcohol-dependence, psychiatric and addictive comorbity or impulsivness level distinguished the two groups ( Table 1) . Regarding the three studied candidate genes, no significant differences were found for 5-HTTLPR and DRD2 Taq1A polymorphisms ( Table 2) . On the other hand, the C allele of the 5-HT1b gene was found in excess in the non-surviving population (37.2%) compared to the surviving patients (23.8%) (OR = 1.90; 95% CI [1.02 -3.52]), due to an excess of the GG genotype in the surviving group (OR = 2.40; 95% CI [1.05 -5.50]) ( Table 2 ). The impact of age at interview may not explain such differences, or absence of difference for the first two genes, as the average age at inclusion (initial interview) was not significantly different in the sample with or without the short allele of the 5-HTT gene (t = 0.072, p = 0.471), the A1 allele of the DRD2 gene (t = 0.718, p = 0.237) and the C allele of the 5-HT1b gene (t = 0.844, p = 0.200). It has to be mentioned that chance finding cannot be ruled out as the association between the C allele and the surviving status is not strong enough to be still significant after the Bonferroni correction is applied (with 3 tested genes, the required p-value could be 0.017).
In order to depict if the role of the C allele of the 5-HT1b gene may be associated with an increased mortality after 9 years through antisocial personality disorder, a logistic regression analysis was performed testing the respective role of the C allele (or the GG genotype), presence of antisocial personality disorder, and interaction between the gene and this trait ( Table 3) . As interaction might be detected even without an independent effect of a trait, the same approach was used for the short allele of the 5-HTT gene and suicidal attempts and for the A1 allele of the DRD2 gene and presence of other dependencies. No significant interaction were detected ( Table 3) .
Assessing if these three candidate genes could be involved in the significant role of the excess consumption Table 2 . Survival status after 9 years of 102 patients with DSM-III-R alcohol-dependence according to 3 candidate genes (serotonin receptor 5-5HT1B (G861C), serotonin transporter 5-HTT (5HTTLPR), dopamine receptor D2 (DRD2 TaqA), linical measures concerning 126 male patients with alcohol dependence according to survival status. of tobacco to explain mortality, their interaction was tested, with no significant effect (p = 0.314 for GG genotye; p = 0.863 for the short allele and p = 0.186 for the A1 allele).
CONCLUSIONS
When studying the survival status of the population of 126 male patients with alcohol dependence that we initially recruited 9 years before for genetic studies, we found that the level of tobacco consumption was the only clinical variable that was associated with an excessive mortality rate in the 102 patients we were able to analyse. For the genetic analyses, we did not observed any association between Taq1 DRD2 gene polymorphism and mortality rate at 9 years, in contrast with a previous research which had a larger sample [13] . Otherwise, the C allele of the 5-HT1b was found in excess in the nonsurviving group, but this vulnerability genotype was not modifying the risk of mortality through the phenotype with which it was initially associated, namely impulsivity and antisocial personality disorder. Furthermore, the detected association was not important enough to be still significant after the Bonferroni correction is applied regarding the fact that 3 genes were analysed. The main clinical trait associated with short term risk of mortality (9 years) is therefore the cumulative consumption of tobacco. Surviving individuals smoked in average 28 pack-years compared to 35 pack-years in non-surviving individuals. The significant role of tobacco exposition is coherent with the literature indicating that smoking is one of the main co-factor explaining alcohol-related mortality [34] . This result favours the treatment of both tobacco and alcohol dependence during withdrawal processes, regarding their high comorbidity and the rapid influence on mortality of the associated tobacco dependence.
Previous studies on the 5HT1B gene in alcoholism were indeed conflicting. After the first association involving the 861C allele with antisocial alcoholism in a male subpopulation of frequent criminal offenders [35] , negative or more complex results were also published. For example, no role of the C allele was detected in our cohort [27] , in patients with alcohol and cocaine abuse [36] , in heroin dependence [37] , nor in a group of patients with a specific type of alcoholism according to Cloninger typology [38] . Without confirming 861C allelic association, a recent study performed in China detected a lower frequency of an haplotype which contains the other allele (861G) in alcohol-dependents [39] . Even more confusing, an association 5HT1B 861G allele with alcohol-dependence [40] was also found, involving antisocial personality traits-conduct disorder in patients with alcohol dependence according to another study [41] .
One important limitation of our study is a limited delay of surviving evaluation, and the absence of assessment of initial medical co-morbidity. The relatively short time analysis (9 years) could explain why no other parameters were involved, even for those that were previously involved, such as alcoholism severity and presence of antisocial personality disorder [10] . Furthermore, as our sample was in average 44 years old at inclusion, the impact of psychiatric comorbidity might have been partially censored. For example, antisocial men have been shown to be at excessive risk for premature death if younger than 40 years [42] .
In conclusion, although we did not identify interaction between a potentially vulnerability gene and traits associated with alcohol dependence, in our sample of 102 alcohol dependent patients, but a specific effect was detected with both tobacco consumption and a vulnerability allele of the 5-HT1b, these two factors, if truly involved, could act independently. The way the C allele is associ-ated with an increased risk of death after 9 years, in alcohol dependent patients is thus not yet detected, even if the traits that were previously associated with this allele could be excluded.
